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POWER CONVERSION INTEGRATED 
CIRCUIT AND METHOD FOR 
PROGRAMMING 

BACKGROUND OF THE INVENTION 5 

The present invention relates, in general, lo integrated 
circuits and, more particularly, to a power conversion inte- 
grated circuit. 

A power supply is controlled to be eilher on or off by a 10 
m&chanical switch or a relay, Typically, additional discrete 
components that are external lo the integrated circuit adapt 
the power supply for use in applications such as cable 
conveners lor television scis, computer monitors, video 
cassette recorders (VCRs). buttery chargers for portable 3J 
communications devices, computer printers, and other elec- 
tro Die systems. 

Depending oq xlie particular application, the on/off cir- 
cui Lry of a power supply control circuit includes components 
such as opto-couplers, latches, resistors, and capacitors. 20 
Monolithic circuit integration minimizes the number of 
components external to the integrated circuit and reduces the 
cost of power supplies, The number Mid types of external 
components along with the cost of the integrated circuit 
package provide functionality that differentiates among dir.- 25 
fcrem power supplies. Typically, a switching regulator with- 
out on/oil circuitry is manufactured in a three pin package. 
A drawback of these three pin package configurations is that 
tncy offer limited functionality within the package. 

Accordingly, ii would be advantageous to have an incac- 30 
peasive integrated power supply controller that is capable of 
operating with many different power supplies. It would be of 
further advantage tor the power supply controller to have a 
minimal number of discrete external components for con- 
trolling tbe power supply on/off switch circuitry. 35 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a power supply in accordance 
with an embodiment of the present invention; 40 

FIG, 2 is a schematic diagram of a state circuit for use in 
the power supply of FIG. 1; 

FIG. 3 is a schematic diagram of an interface switch 
circuit for use with the slate circuit of FIG. 1 in accordance 
with another embodiment of the present invention; -*s 

FIG. 4 is a schematic diagram of a microprocessor inter- 
face switch circuit for use with Lhc state circuit of FIG. 1 in 
accordance with ycl another embodiment of the present 
invention; and 

FIG. 5 is a schematic diagram of a brown-out interface 30 
circuit Tor use with the stale circuit of FIG. 1 in accordance 
with yet another embodiment of the present invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

55 

Generally* the present invention provides a circuit with at 
least four modes of operation for controlling the on/oJI 
features of a power supply. By connecting an appropriate 
interface circuit to a state input pin, the power supply is 
programmed for specific behaviors when power is applied or <;q 
when the interface circuitry is activated. Thus, the multi- 
functionality provided by a stare circuit that is integrated 
with a control circuit is a cost effective solution for control- 
ling the power supply. 

FIG. 1 is a block diagram of a power supply 10 in 65 
accordance with the present invention. Power supply 10 
includes a full-wave bridge rectifier 12, capacitors 14, 24, 



and 34, diodes 22 and 32, a transformer 1 6, a compensated 
error amplifier 42, and a power converter circuit 44. In 
particular, full-wave bridge rectifier 12 has a ground 
connection, a pair of inputs for receiving a line voltage, e.g^ 
110 volts alternating current (VAC), 220 volts VAC, etc. An 
output of full-wave bridge rectifier 12 supplies a rectified 
output signal that is filtered by filter capacitor 14, Filler 
capacitor 14 has a terminal connected to the output of 
full-wave bridge rectifier 12 and a terminal connected to a 
power supply potential such as, for example, ground. 

Transformer 16 has a primary side or winding 1$ having 
Two terminals, a secondary winding 20 having two 
terminals, and a secondary winding 30 having rwo terminals. 
In particular, one terminal of primary winding 18 is con- 
nected to the output of full-wave bridge rectifier 12, and the 
other terminal of primary winding 18 is connected to a 
switch output pin 40 of power converter circuit 44. 

Secondary winding 20 bas a first terminal connected to an 
anode of a diode 22. A cathode of diode 22 is commonly 
connected to a first terminal of capacitor 24 and to a terminal 
26. The second terminal of capacitor 24 is commonly 
connected to the second terminal of secondary winding 20 
and to a terminal 28. Compensated error amplifier 42 has an 
input connected to terminal 26, an input connected to 
terminal 28, and an output connected to feedback pin 46. 

Secondary winding 30 has a first terminal connected to an 
anode of diode 32, A cathode of diode 32 is commonly 
connected to a first terminal of capacitor 34 and to a bias pin 
36 of power convener circuit 44. The second terminal of 
capacitor 34 is commonly connected to the second terminal 
of secondary winding 30 and to a potential such as, for 
example, ground. 

Power converter circuit 44 is a switched mode power 
supply integrated circuit or a power conversion integrated 
circuit having five electrical connection terminals: (1) a bias 
pin 36, (2) a ground pin 38, (3) a feedback pin 46, (4) a state 
pin 48, and (5) a switch output pin 40. rower convener 
circuit 44 is a semiconductor chip that includes a slate circuit 
50, a control circuit 52 having an internal regulator, and a 
transistor 54, State circuit 50 has an input connected to bias 
pin 36 and another input coupled to state pin 48 of power 
converter circuit 44. Another input of state circuit 50 is 
connected to an output of control circuit 52 and receives a 
logic under-voltagc control signal (LOGIC). Another input 
of stale circuit 50 receives an analog uiadcc-voltag* control 
signal (ANALOG) and is connected to a second output of 
control circuit 52. An output of state circuit 50 provides a 
signal MODE and is connected to a control input of control 
circuit 52, Control circuit 52 has an input connected to bias 
pin 3d and another input connected to feedback pin 46 of 
power converter circuit 44. An output of control circuit 52 
is connected to a gate of transistor 54. Both state circuit 50 
and control circuit 52 are connected to ground pin 3S. A 
drain of transistor 54 is connected 10 switch output pin 40 
and a source is connected to ground pin 38. As those skilled 
in the an are aware, a gate of a transistor serves as a control 
terminal and the drain and source of a transistor serve as 
current conduction terminals. It should be noted that tran- 
sistor 54 can be an insulated gale bipolar transistor (1GBT), 
a bipolar transistor, etc. 

In operation, the line voltage, e,g () 110 "VAC, is rectified 
by full-wave bridge rectifier 12 and filtered by capacitor 14. 
Secondary winding 20 provides a signal that is used lo 
supply the operating power to electronic systems such as 
cable converters, computer monitors, video cassette record- 
ers (VCRs), battery chargers, computer printers, etc. Com- 
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pcnsarcd error amplifier 42 provides & feedback signal to be further not&cl thai re&istnrs 66, 68, 70, and 72 form 
power converter circuit 44 thai is proportional 10 the DC another resistor divider network thai provides voltages at 
omput signal. The output of compensated error amplifier 42 nodes 67 and 71 of about 2.9 volts and about 1.1 voIia, 
may be nprically. electrically, rnsgneticalty, — ichan^ally, or icttpccuvciy. The reference voltages described arc for a 
other means coupled to feedback pin 46 of power converter $ of approximately 5.8 volts. It should be aoted that reference 
circuit 44. generator 60 can be configured with other combinations of 
The feedback signal is used by control circuit 52 for resistors or alternately configured with combina lions of 
altering (he pulse width of the signal that is supplied lo the resistors and semiconductor devices, 
control terminal of transistor 54. Thus, compensated error Positive detector circuit 76 includes a comparator 77 
amplifier 42 alters the pulse width of the output signal at l0 having a non-inverting input connected to an input of 
switch output pin 40 in accordance with the volugt devel- positive detector circuit 76, and thus to node 67 of reference 
oped across terminals 26 and 28. The variable pulse width geawaior 60. An inverting input of comparator 77 is con- 
modifies the curreni in transformer 16, thereby regulating necicd to an input of positive detector circuit 76 and thus to 
the volcagc of the DC output signal. Id addition, the bias staw P ia * 8 . of ^ generator 60. An output ot com- 
voluye devclopcdalbiuspin36 from secondary winding30 15 ^l?-! 7 ,? c ^ cc rf tcd » an ou *£ ? f * ttc " f 

can used as the opening supply voltage of sure circuit 50 ™ 76 Nc ^ c te « i0f ff 1 U1 * 7 \ 

j . ■ ■ m tl w , i.i * ». lor 80 connected lo a pulse filter 82, Comparator SO has- a 

and control ctrciut 52 The bu* voltage developed at bi«p.o non . mvcrliag ' mj)lll connected to an input uf negative dctec- 

36 can allcrnatay be denved irom secondary w^dmg 20, II lor cifcuil ?8 ^ [hus lo no(Jc n of feferencc gcncralDr 60. 

should be noted that compensated error amplifier 42 can be ^ irjvcrliDg i opU i of cumplir a t or 80 is connected lo an input 

replaced with a high gain comparator, or the like. 20 of ncgal i vc detector circuit 7S and thus to state pin 48 of 

FIG. 2 is a scliernaiic diagram of state circuit SO id refcreuen generator 60. An output of comparator 80 is 

accordance with the present invention. St3te circuit 50 coupled to an output of negative detector circuit 78 through 

includes a reference generator 60, a reset circuit 65, a pulse filter 82. 

positive detector circuit 76, a negative deiector circuit 78, Reset circuit 65 receives an input signal LOGIC UNDER- 

and a mode memory circuit 90. Positive detector circuit 76 25 VOLTAGE and has aD output connocted to state pin 48. 

and negative detector circuit 78 are referred to as a com- Mode memory circuit 90 includes a two»inpul NaND 

parator circuit. In particular, reference generator 60 includes gate 84, a logic circuit 86, and a positive edge- triggered 

resistors 62, 64, 66, 68, 70, and 72, and a voltage clamp toggle flip-flop 88. In particular, two-input NAND gate 84 

circuit 74. The first terminals of resistors. 62 and 64 are has an input connected to the output of positive detector 

commonly connected to state pin 48 which is connected to iq circuit 76, the other input is coupled for receiving the signal 

an input of state circuit 50. The second terminal of resistor LOGIC UNDER -VOLTAGE. When the voltage V w begins 

62 is connected to a power supply conductor which is to famp from a starting voltage of zero volts, the signal 

coupled for receiving a voltage such as, for example, V rtf , LOGIC UNDER-VOLTAGE has an initial logic zero v : due 

and the second terminal of resistor 64 is connected to a that is switched to a logic odc value at a predetermined 

power supply conductor which is coupled for receiving a 35 voltage. By way of example, the predetermined voltage is a 

reference voltage of, for example, ground. The firs) tenni- voltage potential that is sufficiently high to allow logic 

oals of resistors 66 and 68 are commonly connected and circuitry to properly operate. In other words, the signal 

form a node 67. The second terminal of resistor 66 is LOGIC UNDER-VOLIAGE has a logic one value when the 

connected to the power supply conductor which is coupled voltage V is sufficiently above the predetermined voltage 

for receiving ihe reference voltage of, for example, V^The ao and a logic zero value when below the predetermined 

second terminal of resistor 68 and the first terminal of voltage. 

resistor 70 arc commonly connected and form a node 69. Logic circuit 86 has un input TT coupled for receiving the 

The second terminal of resistor 70 and the first terminal of signal LOGTC UNDER -VOLTAGE, an input S connected to 

resistor 72 arc commonly connected and form a node 71. the output of negative detector circuit 78, and an enable 

The second terminal of resistor 72 is connected to a power as input E coupled for receiving the signal ANALOG UND£R- 

supply conductor which is coupled for receiving a reference VOLTAGE. The signal ANALOG UNDER- VOLTAGE has 

voltago of, for example, ground. It should be noted that the a logic one value when the voltage V ffc is sufficiently high 

power supply conductor connected to ground is also can- for transistors (not shown) such as, for example, the tran- 

nectcd to the external ground reference or ground pin 38 of sistors in compare icrs 77 and 80, to operate in an analog 

power converter circuit 44 (FIG. 1.). Voltago clamp circuit 74 50 mode. When the voltage V ct . is not high enough for transis- 

has ;xn input connected to node 69 and an output connected tors to operate in the analog mode the signal ANALOG 

to state pin 48, By way of example, voltage clamp circuit 74 UNDER- VOLTAGE has a logic zero value, 

is a PNP transistor 75 having a base terminal connected to It should be noted that when a signal having a logic zero 

the input of voltage clamp 74, an emitter terminal connected value is received at the input K of logic circuit 86, the ouiput 

to the output of voltage clamp circuit 74, and a collector 55 signal at output Q of logic circuit 86 has a logic zero value, 

terminal connected to a potential of, for example, ground. fi should be further noted that whea a signal having a logic 

The resistors 62, 64, 66, 68, 70, and 72 of reference one value is received at the input S of logic circuit 86, the 

generator 60 (FIG. 2) sci reference voltages that determine output signal at output Q of logic circuit 86 has a logic oue 

the logic values of the signals at the outputs of comparators value. Should logic circuit 86 Receive both a signal having 

77 and SO. By way of example, resistor 62 has a value of 60 a logic zero value at the input R and a signal having a logic 

about 160 ltilonms (Ksls), resistor 64 has a value of about one value at the input S T the circuit responds to the signal 

115 IC£2s, resistor 66 has a value of about 150 K£2s, resistor received at the input T£. In other words, when both a set and 

68 bos a value of about 19 Kfis, resistor 70 has a value of a reset occur together* the reset function has precedence. It 

about 58 KDs, and resistor 72 has a value of about 55 K£3s. should be Doled that the output Q can only transition from 

Resistors 62 and 64 form a resistor divider network that 6$ a logic 2cro value to a logic one value when the enable input, 

provides a voltage of about 2 A volts at state pin 48 when i.c., the signal ANALOG UNDER- VOLTAGE, is a logic 

external components arc not connected at that pin. It should one, 
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Toggle flip-flop 88 has an input S connected to ibe output 
Df NAND gate 84, an input CLK connected 10 Ihc output of 
logic circuit 86, and an outpur ibat also serves as the output 
cf siaic circuit It should be noLed that tue output signal 
of toggle flip-flop 88 can be set to a logic one value when the 5 
input S receives a logic odc signal. Otherwise, ;hc stored 
value of the output signal changes oillpUl slate in response 
to logic transitions at input CLK, i.e., the stored v^lue is 
toggled when Hie input CLK transitions from a logic zero 
value to a. logic one value. 1 1 should be noted that if the lQ 
signal at the input CLK transitions while the signal at input 
S is a logic one, tben flip-flop 88 responds to a logic one 
signal at input 5 and ignores the signal at the input CLK. 

Id operation, tbe power supply conductor V. K initially 
stares at a voltage of about zero volts and ramps to a higher 15 
voltage value, increasing in voltage to a voltage greater than 
5.8 volts. As the voltage V cC begins to ramp from zero volts, 
the signals LOGIC UNDER- VOLTAGE and ANALOG 
UNDER-VOLTaGB initially have logic zero values. Tbe 
signal LOGIC UNDER- VOLTAGE is sel to a logic one 20 
when the voltage V F( . exceeds about 3,5 volts. The signal 
ANALOG UNDER- VOLTAGE is set to a logic one value 
when the voltage V ffC exceeds about 4,8 volts. 

In a first operating mode, no external components are 
connected Lo state pin 48, With the application of the line a5 
voltage, the voluge for increases Irorn zero volts. The 
signal LOGIC UNDER-VOLTAGE has a logic zero value 
when the voluge V^ r is in the range of about 0 volts to about 
3.5 volts. The logic zero value for the signal LOGIC 
UNDER- VOLTAGE causes both the output of logic circuit 30 
86 la have a logic zero value and the output of logglc 
flip-flop 88 to have a logic one value. When the sigaal 
LOGIC UNDER-VOLTAGE is at a logic zero value, input 
slate pin 48 is pulled to ground through reset circuit 65. 
Wbcrt the voltage V cc increases above a voltage of uboul 3.5 35 
volts the output of reset circuit 65 becomes a high imped* 
ance output. With do external components* the voltage at 
state pin 48 is determined by the values of resistors 62 and 
64. In this first mode of operation the voltage on stale pin 48 
is between the reference voltages at nodes 67 and 71, the 40 
sigaal at the output of comparator 77 has a logic Onu value, 
and the output of comparator 80 has a logic zero value. Thus, 
the signal MODE is a logic ooe and power supply 10 (FIG. 
1) is on. 

FIG. 3 is a schematic diagram of an interface switch -15 
circuit for use with ihc state circuit of FIG. 1 in accordance 
with another embodiment of the present invention. In a 
second operating mode, switch interface circuit 92 is con- 
nected to state circuit 50 for controlling the operation of 
power supply 10 (FIG. 1). Briefly referring to FIG. 3, switch 50 
interface ciicu.it 92 includes a resistor 94, a push -button or 
mechanical switch 96, and a capacitor 98. In particular, a 
first terminal of resistor 94 in connected to a first terminal of 
switch 96. The second terminal of resistor 94 is connected to 
a power supply conductor that is coupled for receiving a 55 
voltage such as, for example., ground, and ihc Second ter- 
minal of switch 96 is connected to a first terminal of 
capacitor 98, forming node 4SA. Node 48a is connected 10 
State pin 48 in this mode of operation* The second terminal 
of capacitor 98 is connected to 3 power supply conductor go 
such as, for example, ground. 

The reference voltage or reference signal at node 67 is 
transmitted to the non-invcriing input of comparator 77 and 
the voltage at state pin 48 is transmitted io the inverting 
input of comparator 77. If the voltage- at state pin 48 is less 
than the reference voltage at node 67, the output nf com- 
parator 77 is a logic one value. On the other hand, if the 
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voltage at 5tatc pin 48 is greater tban the reference voltage 
at node 67, the output of comparator 77 is a logic zero value. 
The reference voltage or reference signal 51 2 ode 71 is 
transmitted to the non-invening input of comparator 80 and 
the voltage at state pin 48 is transmitted to the inverting 
input of comparator 80, If the voltage at stare pin 48 is 
greater than the reference voltage at node 71, Ihe output of 
comparator 80 is a logic zero value. On the other band, if the 
voltage ai stale pin 48 is less than the reference voltage at 
nodtf 71 > the output of comparator SO is a logic one value. 
Together, comparators 77 and 80 dcterniine whether the 
voltage at state pin 48 is between the reference voltages at 
nodes 67 aud 71. 

lrj The second mode of operation, switch 96 allows for 
manually controlling whether power supply 10 (f IG. 1) is in 
an on-operating slate or an oil-operating state. Initially, the 
signals LOGIC UNDER-VOLTAGE and ANALOG 
UNDER-VOLTAGE have logic zero values. The signal 
LOGIC UNDER-VOLTAGE causes the output of logic 
circuit 86 to have a logic one value, and for state pin 48 to 
be grounded by reset circuit 65 and discharge capacitor 98. 
The output of NAND gale 84 is a logic one value that sets 
the output of toggle flip-flop 88 to a logic one value. 

With the application of the line voliage to full-wave 
bridge rectifier 12, the voltage V^ (See FIG. 2) is incrcused 
from the starting voltage of zero volts. As the voltage for V ctf 
increases abovo about 3,5 volts the signal LOGIC UNDER- 
VOLTAGE changes to a logic one value. In addition, the 
output of reset circuit 65 becomes high impedance allowing 
capacitor 98 to charge, A further increase in the voltage V cr 
above about 4,8 volts causes the signal ANALOG UNDER- 
VOLTAGE to bo set lo a logic one value which enables logic 
circuit 86. The output of comparator 80 being at a logic one 
value signifies that capacitor 98 is at a value that is less than 
the voltage at node 71. The logic one value at tbe outpul of 
comparator 80 causes the output of logic circuit 86 to 
transition from a logic zero value to a logic one value. When 
the logic zero value at the CLK input transitions to a logic 
one value the previously stored value of toggle flip-flop 88 
is toggled. Thus, the output signal MODE bas a logic itro 
value and power supply 10 is in an ofl; state 

"When switch 96 is closed, capacitor 98 is discharged 
through switch 96 lad resistor 94. Tbe voltage at stale pin 48 
drops below the reference village at node 71 causing 
comparator SO to provide a logic one to input S of logic 
circuit 86. The output of logic circuit 86 Transitions to a logic 
one value causing toggle flip-flop 88 to change states such 
that the signal MODE is a logic one value and power supply 
10 is in an on state. With each closure of switch 96rbo output 
of logic circuit 86 transitions from a logic zero lo a logic one 
causing the stored data in toggle flip-flop 88 to change slate, 
provided thai capacitor 98 was charged above the reference 
volrage at node 71, 

FIG, 4 is a schematic diagram of a microprocessor inter- 
face switch circuit for use with the state circuit of FIG. 1 io 
accordance with another embodiment of the present inven- 
tion. In a third operating mode, u microprocessor interface 
switch circuit 100 (FIG. 4) js connected to suite circuit SO 
(FIG. 2) for controlling the operation of power supply 10 
(FIG. 1). A first terminal of capacitor 110 and the collector 
terminal of opto-couplor 1Q2 arc commonly connected, 
forming node 48B. Node 48B is connected to State pin 48 of 
state circuit 50. Tbe second terminal of capacitor 110 and the 
emitter terminal of opto-couplor 102 arc connected to a 
65 power supply conductor at a potential of, for example, 
ground. The base terminal is coupled for receiving a coded 
light signal. Resistor 104 has a terminal connected to state 
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pin 48 and the other terminal connected to a cathode of I ,ED 
106. An anode of LED 106 is connected to a first terminal 
of switch 108. A second terminal of switch 108 is connected 
to a power supply conductor coupled for receiving a voltage 
such as, for example, V tf<r It should be ooted that switch 108 
may be a push-button switch xhui is closed while the button 
is depressed, i.e., a momenLary closure. 

Id the third mode of opera lion, stale circuit 50 is powered 
on such ihul the signal MODE bus a logic zero value. 
Capacitor 11U delays the charging of state pin 48 so that the 
oulpul of comparator SO has a logic one value, which turns 
off power supply 10. The momentary closure of switch 108 
causes LED 106 to emit light and transmit a signal to, for 
example, a microprocessor (not shown). When switch 108 is 
closed, slate pin 48 is pulled high through switch 108, LED 
106, and resistor 104, The voltage at state pin 48 is clamped 
by voltage clamp circuit 74 such dial LED 106 is always 
forward biased and e milling light when switch 108 is closed. 
When switch 108 is closed the output of comparator 77 
becomes a logic zero value signifying that the voltage on 
state pin 48 is above the reference voltage established at 
node 67 by the resistor divider network. The logic zero value 
sets the signal MODE to a logic one value for turning on 
power supply 10 (FIG. 1). 

When the signal MODE is a logic one and power supply 
10 is on, another momentary closure of switch 108 signals 
ihc microprocessor through light omined by LED 106 of a 
request to shut down power supply 10, The microprocessor 
can signal through opto-coupler 102 a confirm alio o to shut 
down power supply 10. If signaled by ibe microprocessor, 
opto-couplcr 102 pulls state pin 48 to ground and the output 
of comparator 80 becomes a logic one signifying that the 
voltage on slate pio 48 is below lhe reference voliage at node 
71 of reference generator 60. The ourpur of logic circuit 86 
transitions Lo a logic one value cuusiog toggle Hip -Hop SS to 
change states such that the signal MODE is a logic zero 
value and power supply 10 is off. The microprocessor 
"reads" each momentary closure of switch 108 by the liglii 
emitted from LED 106. The slate of toggle flip-flop 88 is 
changed in accordance with the signal received by opto- 
couplcr 102, Thus, the momentary closure of switch 108 
allows the microprocessor lo control when power supply 10 
is turned on or turned off. 

FIG. 5 is a schematic diagram of a biown-oui interface 
circuit for use wiLh the slate circuit of FIG. 1 in accordance 
with yet anoihcr embodiment of the present invention. This 
fourth operating mode includos using brown -out interface 
circuit 112 (FIG. 5) with 3Uic circuit 50 (HO. 2) for 
controlling the operation of power supply 10 (FIG. 1). 
Briefly referring lo FIG. 5, resistor 114 has a first terminal 
commonly connected to a first terminal of resistor 116 aDd 
to a terminal of capacitor 120, forming node 48C Node 48C 
is connected to state pin 48 of state circuit 50. A second 
terminal of resistor 114 is connected to a power supply 
conductor such as, for example, ground. The other terminal 
of capacitor 120 is connected lo a power supply conductor 
which is operating at a potential of, for example, ground. 
The second terminal of resistor 116 is connected lo an anode 
of Zener diode 118. A cathode of Zener diode 118 is 
connected to a voltage such as, for example, a rectified line 
voltage. 

In the fourth mode of opera lion, state circuit 50 is 
powered on and the signal MODE is at a logic one value. 
The output of comparator 77 has a logic zero value indicat- 
ing ibat the voliage on stale pin 48 has a value above the 
reference voltage at node 67, The logic teto value at the 
iopur of NAKD cate 84 causes the signal MODE to have a 
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logic one value and power supply 10 (l-'IG. 1) lo be on. 
Brown-out interface circuit 112 (FIG. 5) detects cither a 
brown-out or a black-out condition on the line voltage 
received by full -wave bridge rectifier 12 (Fid. 1). A brown- 
out occurs whep the line voltage is below the predetermined 
rectified voltage as set by Zener diode US. A black-out 
occurs when ihc line voltage is substantially 2ero volts. By 
way of example, Zener diode 118 has a reverse bias voltage 
of about 80 volts. During either a brown-out or a black-out, 
about 80 volts is dropped across Zener diode 118. The 
resistor values for resistors 114 and 116 are selected to cause 
lhe voliage on slate pin 48 10 drop below die reference 
voltage at node 71 of refers nee generator 60 during cither a 
brown-out or a black-oui condition. The output of compara- 
tor 30 transitions to a logic one value during cither a 
brown-out or black-oul. The output of logic circuit 86 
transitions to a logic one value, causing toggle flip-flop 88 
lo change stales from a logic one value lo a logic iero value, 
thereby turning off power supply 10. When neither the 
brown-out nor the black-out condition is present, pin 48 is 
pulled high. The output of comparator 77 is a logic zero 
value when the voltage at state pin 48 is above the reference 
voltage at node 67. A logic one value at the input S of toggle 
flip-flop 88 causes the signal MODE to be a logic one value, 
thereby turning off power supply 10, 

Slale circuit 50, interface circuits 92 and 100 have been 
described with references with respect to ground, li should 
be noted ihul logic in slale circuil 50 and interface circuits 
92 and 100 can be reconfigured to Function with respect to 
the reference voltage V^.. It should be further noted that 
slate circuit 50 can also be reconfigured lo function with 
opposite polarity logic at state pin 48. 

U should be noted that capacitors 98, 110, and 120 us 
described in FIGS. 3, 4, and 5 can be selected to assure that 
power supply 10 is initially programmed in the off state 
when the line voliage is applied. On lhe other band, power 
supply 10 can be programmed in the on state when the line 
voltage is applied by removing capacitors 98, 110, and 120. 
It should be further noted that capacitors 98, 110, and 120 
can be selected to provide noise immunity without affecting 
the initially programmed on/off state. 

By now ii should be appreciated that a structure and 
melhod have been provided for controlling the on/off status 
of a programmable power supply. The integrated power 
supply controller is inexpensive and provides a cost effective 
system solution for switching power supplies by reducing 
the number of external components. It has further been 
shown that additional functionality has been provided 
through a mulli-functional input for controlling the on/off 
5 q switching function of a power supply. 
Wc claim: 

1. A power conversion integrated circuit, comprising: 
a stale circuil having an oulpul that supplies a mode 

signal, wherein the suite circuiL includes 
55 u comparator having a first input coupled for receiving 
a control signal sod a second input coupled for 
receiving a first reference signal, and 
a memory circuit having a flrsl inpuL coupled to an 
oulpul of the comparator for setting an output slate of 
co the memory circuit according to a value of the 

control signal; and 
a control circuit coupled for receiving the mode signal 
that sets a mode of operation, where the control circuit 
is responsive lo a feedback signal for providing a 
pulse- width modulated control signal. 

2, The power conversion inlegraicd circuil of claim 1> 
wherein the comparator includes: 
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a first comparator having a first inpui coupled for receiv- 
ing the control signal* a second input coupled Cor 
receiving the first reference signal, and an output 
counted La the firsr innw of ihr- memory' circuit; zz.d 

ft second comparator having a first inpui coupled for 5 
receiving the control signal, a second input coupled for 
receiving a second reference signal, and an output 
coupled lo a second input of the mcrnory circuit. 

3. Tbc power conversion integrated circuit of claim 2, 
further including a resistor divider network tor generating 10 
the first reference signal ai a first output and the second 
reference signal at a second outpui, 

4. The power conversion integrated circuit of claim 3, 
wherein the resistor divider network includes; 

a first resistor having first and second tcroiuials. the first 
terminal of the first resistor coupled to a first power 
supply conductor; 

a second resistor having first and second terminals, the 
first terminal of the second resistor coupled to the 
second terminal of the first resistor and serving as the 20 
first output of the resistor divider network; and 

a third resistor having first and second terminals, the first 
terminal of the third resistor coupled to the second 
terminal of the second resisior and serving as the 
second output of the resistor divider network, and the 25 
second terminal of the third resistor coupled to a second 
power supply conductor. 

5. The power conversion integrated circuit of claim 4, 
further including ft pulse filter having an input coupled ro the 
output of the second comparator and an output coupled to - D 
the second input of the memory circuit. 

6. The power conversion integrated circuit of claim 1, 
wherein the memory circuit has at least one storage element 
for storing an operating mode of the power coo version 
integrated circuit. * s 

7. The power conversion integrated circuit of claim 1, 
further including a react circuit having an input coupled to 
a logic under voltage sigaal and an output coupled to the 
control sigaal, 

8. A semiconductor chip having at least four external 40 
electrical connections, comprising: 

an internal rcgulaior; a state circuiL having an output 
coupled to a control input of the internal regulator; 

a first electrical connection terminal for coupling an ^ 
external ground reference to an internal ground refer- 
ence of the internal regularor; 

a second electrical connection terminal for providing a 
pulse-width modulated output signal from an output of 
the internal regulator; 50 

a third electrical connection terminal coupled for receiv- 
ing a feedback signal at an input of the internal regu- 
lator to control the pulse-width modulated output sig- 
nal; and 

a fourth electrical connection terminal coupled for recciv- 55 
ing a control signal which is applied (o the state circuil 
to set a mode of operation of the internal regulator. 

9. The semiconductor chip of claim S, further comprising 
a fifth electrical connection terminal coupled for receiving a 
bias voltage which is applied to cite state circuit and lo the CQ 
internal regulator. 

10. A programmable power supply, comprising: 

a transformer receiving a rectified signal at a primary side 

of the transformer; 
a state circuit having an input and au output for setting a 65 

mode of operation of the programmable power supply, 

wherein the stale circuit includes* 



a comparator circuit having a first inpui coupled to tbc 
input of the Stale circuit for receiving u control signal 
and a second input coupled far receiving a first 
reference signal, and 
a memory circuit having a fust input coupled to an 
output of ihe comparator for setting an output stale of 
the memory circuit according to a value of (he 
control signal where the output stale of the memory 
circuil controls the mode of operation; 
a control circuit coupled for receiving the output state of 
the memory circuit and wherein the control circuit is 
responsive to a feedback si goal for providing a pulse- 
width modulated control signal; and 
a transistor having a control terminal for receiving the 
pulse-width modulated control signal, a first conduc- 
tion terminal coupled to tbo primary side of the 
transformer, and a second conduction terminal coupled 
to ground. 

11. The programmable power supply of claim 10, wherein 
the comparator circuil includes: 

a firsi comparator having a first input coupled for receiv- 
ing the control signal, a second input coupled for 
receiving the firsi reference signal, and an output 
coupled to the first inpui of the memory circuil ; and 

ti secODd comparator having a first input coupled for 
receiving The control signal, a second input coupled for 
receiving a second reference signal, and an output 
coupled to a second input of the memory circuit. 

12. The programmable power supply of claim 10, further 
including a resistor divider network for generating a first 
reference sigaal at a first output and a second reference 
signal at a second output. 

13. The programmable power supply of claim 12, wherein 
ihe resistor divider network includes: 

a first resistor having first and second terminals, the first 
terminal of the first resistor coupled to a first po>*er 
supply conductor; 

a second resistor having first and second terminals, ihe 
first terminal of the second resistor coupled to the 
second terminal of the first resistor and serving as the 
first output of the resistor divider network; and 

a third resistor having first and second terminals, the firsr 
terminal of the third resistor coupled to the second 
terminal of vbo second resistor and serving as the 
second output of the resistor divider network, and the 
second terminal of the third resistor coupled to a second 
power supply conductor. 

14. A method for controlling a made of operation of a 
power converter, comprising the steps of; 

controlling a pulse-width modulated output signal of the 
power convener in response to a feedback signal; and 

setting a memory stato according lo a comparison 
between a control signal and a first reference signal 
where the memory state controls the mode of opcrau'on 
of the power converter. 

15. The method of claim 14, further comprising the steps 

of: 

monitoring a signal at an input pin; and 
maintaining a same operating state when the input pin 
receives a voluge about midway between an operating 
potential and a ground reference. 
16\ The method of claim 14, further comprising the sieps 
of requesting an on -op era ting state when a power supply is 
ofF and an input pin receives a voltage greater than a first 
reference voltage. 
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17. The method of claim 14, further comprising ihc steps 
of requesiing a toggle condition when a power supply is on 
and an input pin receives a voltage greater than a first 
reference voltage. 

18. Tbc method of claim IS, further comprising the steps 
of requesting thai an output state be toggled when a power 
supply is on and an input pin receives a voltage less than a 
second reference voltage. 

19. The method of claim 14, further comprising the step 
of operating in an off-operating state when a brown-out 
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occurs that includes receiving a signal that is proportional to 
a line voltage that is less than a second reference voltage. 

20. The method of claim .14, further comprising the step 
of opii racing iu an OS-operating stite v»"hcu a bladc-ci* J 
occurs thai includes recciviDg a signal that is proportional to 
a line voltage that is less than a second reference voltage. 
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[57] ABSTRACT 

A single input pin (48) provides multi-functional features for 
programming a power supply (10). By connecting Lbe appro- 
priate interface circuit (92, 100, or 112) to the single input 
pin (4g), the power supply (10) is programmed for specific 
behaviors during power up and toggling of an on/off switch 
(9fi, 108). In one mode of operation a light emitting diode 
(106) in the interface circuit (100) is optically coupled to a 
microprocessor for signaling the closure of the on/off switch 
(108), allowing the- microprocessor to control the power 
supply (10) through an opio-couplcr (102). In another mode 
of operation, the single on/off switch (96) controls the power 
supply (10). Id yel another mode of operation, Zcncr diode 
(116) in the interface circuit (112) comrols the power supply 
(10) during browu-OUt and black-out condition*. 
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